Cognitive performance in patients after carotid endarterectomy  by Pearson, Sue et al.
Cognitive performance in patients after carotid
endarterectomy
Sue Pearson, BA(Hons), Guy Maddern, MBBS, PhD, FRACS, MS, and Robert Fitridge, MS, FRACS,
Woodville South, South Australia
Objective: Research investigating the benefits of carotid endarterectomy (CEA) on cognitive functioning remains
inconclusive. This study sought to determine what patient characteristics affect cognitive functioning and whether
changes in cognitive functioning occur following surgery after controlling for these characteristics.
Methods: In a prospective longitudinal study, 39 patients scheduled for CEA surgery underwent neuropsychological
testing in the week prior to their surgery. Two patients had a stroke following surgery, leaving 37 patients who were
tested again at 7 days and 3 months following surgery. The surgery was performed under a locoregional anesthetic.
Results: Patient characteristics associated with cognitive functioning were age, education, and IQ. In addition, differences
in cognitive performance on a number of tests were related to presenting symptoms. Stroke patients (n  6) differed
significantly from symptom-free patients (n  18) and patients with symptoms (n  13) on measures of verbal fluency,
visual search and mental flexibility, and verbal learning. When differences in patient characteristics were controlled for,
no significant changes in cognitive functioning were found that could be attributed to the effects of surgery.
Conclusions: No changes in cognitive functioning were associated with CEA. Differences in cognitive functioning,
however, were associated with patient characteristics, including differences in presenting symptoms. (J Vasc Surg 2003;
38:1248-53.)
Carotid endarterectomy (CEA) reduces risk for stroke
in selected patients.1-3 However, there remains some con-
troversy as to the effect of CEA on cognitive functioning. A
recent review of 28 studies performed between 1964 and
1996 found that 57% of studies reported improvement in
cognitive functioning after CEA, whereas 43% reported no
beneficial effects, and 1 study showed deterioration in
cognitive functioning after surgery.4 A major criticism at-
tributes such inconsistent findings to the failure of many
studies to control for differences in patient characteristics
that can affect cognitive functioning. These include disease
severity,4-6 age, education, intelligence quotient (IQ),7 and
side operated on.8,9 This study sought, first, to explore
patient characteristics that affect cognitive functioning,
and, second, to determine whether changes can be attrib-
uted to surgery when these factors are controlled for in the
analysis.
SUBJECTS AND METHODS
Thirty-nine patients were recruited from those under-
going elective CEA at The Queen Elizabeth Hospital,
Adelaide, South Australia, between June 1998 and Novem-
ber 1999. All patients had severe stenosis (75%) as diag-
nosed at ultrasound and verified at angiography or CT
angiography. Patients were included in the study if they
were English speaking, demonstrated no minimal cognitive
deficit to the treating clinician, and lived within a 50-km
radius of the hospital. Two patients were withdrawn from
the study because of major postoperative complications;
both had major cerebrovascular accidents, which prevented
them from further participation (ie, 5.1% stroke rate). The
surgery was performed with the patient under locoregional
anaesthesia (deep cervical plexus block) by one of three
surgeons. Shunts were placed selectively during the proce-
dure if neurologic deterioration occurred during clamping.
The study was approved by the Human Ethics Committee
at The Queen Elizabeth Hospital, where the study was
undertaken. Informed consent was obtained from all pa-
tients.
Demographic data and medical history. Demo-
graphic data and medical history were obtained at the time
of consent and from the medical records. Data included
age, sex, and education. Surgical risk according to The
American Society of Anesthesiologists (ASA) physical sta-
tus classification was also recorded for each patient. This
classification ranges from I to V, with I representing a
healthy individual and V representing a patient in imminent
danger of dying.10 The Charlson Index of comorbidity was
used to assign each patient a comorbidity score. This index
assigns a weight to conditions expected to affect mortality.
The patient’s score is the sum of these weights.11 Other
information included whether shunting was required dur-
ing the procedure, procedure time, degree of stenosis, side
of procedure, surgeon, and symptoms at presentation. Pa-
tients were categorized as asymptomatic (n  18), symp-
tomatic (transient ischemic attack [TIA]; n  13), or
symptomatic (stroke; n  6). Patients classified as asymp-
tomatic included all patients with no symptoms or with
nonspecific neurologic symptoms (eg, dizzy spells). Pa-
tients classified as symptomatic included all those with
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reversible hemispheric symptoms, such as contralateral
weakness, speech difficulties, and amaurosis fugax. Patients
were classified as having had a stroke on the basis of clinical
findings of relevant neurologic deficit.
Neuropsychologic evaluation. Neuropsychologic test-
ing was performed in all patients in the week before surgery
(T1) and again at 7 days (T2) and 3 months (T3) after the
procedure. All testing was performed by the first author
(S.P.) to ensure reliability, and was done in the patient’s
home to reduce anxiety as much as possible. Tests were
chosen if they had a short administration time, because of
the age of the population, and covered a range of functions
in both hemispheres. In addition, to avoid leaning phe-
nomena, parallel forms were used. This involved employing
the identical procedure to measure a particular aspect of
cognitive functioning, but with different items.
Premorbid IQ was measured with the North American
Adult Reading Test, which provides an estimate of premor-
bid intelligence. The test consists of a list of 61 irregularly
spelled words. Subjects are required to read and pronounce
each word. The number of errors the subject makes deter-
mines an estimate of IQ. This test has been validated
against the revised Wechsler Adult Intelligence Scale
(WAIS-R), and was chosen because of its brevity in admin-
istration in comparison with other standard measures of
intelligence.7
Tests that measured right hemisphere functioning in-
cluded the Trail Making Test (TMT) and the Benton
Visual Retention Test (BVRT). The TMT tests visual
search, attention, mental flexibility, and motor function.
This test has two parts. The subject is required to connect
25 randomly arranged encircled numbers (Part A) and 25
randomly arranged encircled numbers and letters (Part B)
on a page with a pencil while being timed.7 The BVRT tests
visual memory, visual perception, and visuoconstructive
ability. There are three alternative forms of the BVRT, with
roughly equal difficulty. Each form consists of 10 designs,
which are shown to the patient for 10 seconds. The design
is then covered, and the patient is required to reproduce the
design from memory.7
Tests that measured left hemisphere functioning in-
cluded the Rey Auditory Verbal Learning Test (RAVLT)
and the Controlled Oral Word Association test (word
fluency). The RAVLT assesses immediate memory span,
verbal learning, and susceptibility to interference. The test
consists of 15 nouns that are read aloud for five consecutive
trials. After each trial the patient repeats as many of the
words as he or she can remember. This is followed by an
interference list of 15 different nouns, which are read aloud,
and again the patient is required to repeat as many of the
words as he or she can remember. Immediately after this,
recall of the first list of 15 nouns is tested without repeating
the words to the patients. Three scores are derived from this
test. An indication of immediate memory is the number of
words recalled after the first presentation of 15 words.
Overall verbal learning is the total number of words recalled
over the first five trials, and memory retention is the total
number of words recalled from the first list of 15 words
after presentation of the interference or second list of 15
words.7 The Controlled Oral Word Association test is a test
of language. Patients are required to spontaneously pro-
duce as many words as they can that begin with a given
letter of the alphabet, within a limited time. The score for
this test simply represents the total number of words pro-
duced.7
Statistical analysis. Preliminary analysis sought to
identify which patient characteristics were associated with
cognitive test performance. This was done with Pearson
product moment correlations for normally distributed con-
tinuous and dichotomous variables, and one-way analysis of
variance (ANOVA) for normally distributed categorical
variables. This test is used to detect differences between
means with a single factor. A series of these analyses were
performed to look for differences in cognitive functioning
at each measurement time, associated with the categorical
variables ASA class, surgeon, and symptoms at presenta-
tion. Where differences were detected, post hoc compari-
sons with the Scheffe test were performed to determine
which means differed.
To answer the second question, whether changes in
cognitive function occur as a result of surgery, repeated
measures ANOVA was performed in which cognitive per-
formance is compared at each measurement time. Factors
identified in the previous analyses were entered as covari-
ates to control for the influence of these other explanatory
variables on cognitive performance. Post hoc comparisons
were used to detect differences between baseline preoper-
ative measures of cognitive functioning and the two post-
operative measures. All analyses were performed with SPSS
version 10 (SPSS, Chicago, Ill).
RESULTS
The clinical and demographic characteristics of the patient
group are shown in Table I. Overall, patients were older, in
their seventies, and there was a greater proportion of men
compared with women. This reflects the increased inci-
dence of atherosclerotic disease in men. Most patients had
one or more preexisting comorbid conditions, and were
classified as ASA III. Shunting during the procedure was
required in only six patients. Of these, three patients had
symptomatic disease and three had had a recent stroke. The
Table I. Demographic data, and clinical and procedural
characteristicss of patient cohort
Variable Mean SD No. %
Mean age (y) 71.5 6.0
Men 27 73
Education (y) 11.0 2.5
IQ 111.7 5.0
Charlson index 2.2 1.1
ASA III 28 75.7
Shunt required 6 16.2
Procedure time (min) 131.7 27.3
Right-sided procedure 16 43.2
Surgeon-1 27 73.0
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same surgeon (R.F.) performed 73% of operations, and
only one patient in the cohort was left-handed.
Patient characteristics and cognitive performan-
ce. Initial analysis of the clinical data demonstrated no
effect of degree of stenosis, comorbid conditions, side of
procedure, procedure time, surgeon, or ASA score on
cognitive test performance. However, differences in cogni-
tive performance on a number of tests were related to
symptoms at presentation. Significant differences emerged
on measures of verbal fluency between patients with stroke
and patients with and without symptoms, at 3 months (F
[2, 34]  4.4; P  .02; Fig 1).
Patients with stroke also differed significantly from
patients with or without symptoms on baseline measures of
the TMT Part A (F [2, 34]  5.2; P  .01; Fig 2), and
TMT Part B (F [2, 34] 5.1; P .01). Patients with stroke
also differed significantly from the other two groups on
measures of the TMT Part B at 7 days (F [2, 34]  9.8; P
 .001; Fig 3). Significant differences also occurred be-
tween patients with stroke and patients with and without
symptoms on measures of overall learning at 7 days (F [2,
34]  3.5; P  .04; Fig 4). No differences were found on
measures of the BVRT.
The necessity for shunting during the procedure corre-
lated significantly (P  .05) with test performance on the
TMT Part A at 7 days (r  .37), TMT Part B at baseline
(r.40) and 3 months (r. 34), and on the RAVLT
at baseline (r .44) and 3 months (r .34). A number of
these correlations occurred between baseline measures (ie,
before shunting), which suggests a confounding effect with
some other factor. Closer inspection of the data showed
that of the six patients in whom shunting was required,
three (50%) had had a recent stroke. The association be-
tween shunting and cognitive performance therefore more
likely reflects the previous finding of decline in cognitive
functioning related to stroke.
Age correlated significantly (P  .05) with correct
scores on the BVRT at baseline (r.33) and 7 days (r
.48) and with error scores on the BVRT at baseline (r 
.39) and 7 days (r  .43). Age was also significantly
associated with scores on TMT Part A at baseline (r .33),
7 days (r  .33), and 3 months (r  .41) and with overall
learning scores on RAVLT at 7 days (r.39). Education
correlated significantly (P .05) with verbal fluency scores
at baseline (r  .34) and 7 days (r  .53). IQ was signifi-
cantly associated with verbal fluency at 3 months (r  .33)
and with TMT Part A at 7 days (r.35). There were no
significant correlations between gender and cognitive per-
formance.
Cognitive performance after surgery. To determine
whether changes in cognitive performance occurred after
surgery, based on previous analysis, the variables age, edu-
cation, IQ, and symptoms at presentation were controlled
for. No significant effects emerged from repeated measures
ANOVA. Values for mean and standard deviation are
shown in Table II.
DISCUSSION
This study was designed to address some important
limitations of previous studies on cognitive functioning
after CEA. It attempted to identify patient characteristics
that affect cognitive functioning and to control for these in
the analysis. This enables a more accurate indication of
whether changes in cognitive functioning occur as a result
of surgery.
In designing this study, attention was paid to address-
ing many of the design limitations of previous studies. The
test battery was kept to a maximum of approximately 40
Fig 1. Performance scores on verbal fluency, according to symp-
toms at presentation.
Fig 2. Performance scores on TMT Part A, according to symp-
toms at presentation.
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minutes to prevent fatigue and maintain motivation, which
can be problematic in an older population. Tests were
chosen to assess functioning in both hemispheres, and
parallel forms were used to address the problem of practice
effects. Furthermore, measures were taken at 1 week and 3
months after surgery, enabling detection of short-term and
long-term changes.4,6,12
A further strength of this study was that surgery was
performed with the patient under locoregional anesthesia.
While changes in cognitive functioning are likely to be
related to intraoperative ischemia13,14 and microemboli,15
some may also be due to the effects of general anesthe-
sia.16,17
Several recent reviews have concluded that there is little
convincing evidence that CEA results in improvement in
cognitive functioning, as assessed with neuropsychologic
test scores.4,12 This study supports that view, in that we
found no evidence of significant changes after surgery. This
study, however, does show evidence of distinct differences
in cognitive function attributable to symptoms at presenta-
tion. More specifically, on a number of tests patients with
stroke in the 3 months before surgery had poorer test scores
compared with patients with or without symptoms. Given
the recentness of stroke, a possible explanation for this
effect is that these patients likely experienced more brain
damage than the other two groups did. The natural recov-
ery from stroke may continue for up to a year. It has been
suggested that stroke patients who undergo CEA are thus
more likely to exhibit postoperative gains, by comparison
with patients with less severe symptoms.4,6,12 Although not
significant, results of this study show a distinct improve-
ment in scores on the TMT Part A (Fig 2) from baseline to
3 months for patients with stroke. Although it could be
suggested that these gains are due to surgery, it is more
likely they are due to natural recovery.
By comparison, there was significant deterioration in
scores for patients with stroke on the TMT Part B 7 to 10
days postoperatively that was not apparent in the other two
groups. Part B of this test requires considerably more
cognitive flexibility to complete. A decline at this point in
this group only suggests that residual damage from stroke
may interact with the recentness of surgery and more
specifically affects ability to quickly shift from one cognitive
function to another.
Of particular interest to surgeons performing CEA is
perhaps not whether cognitive function improves, but in
which patients it deteriorates. Post hoc analysis of these
data, with standardized scores and the criterion of greater
than 1 SD as indicative of significant deterioration, demon-
strated no consistent characteristics associated with deteri-
oration. The number of patients exhibiting deterioration
on any test at 7 days and at 3 months ranged from 8.1% to
21.6%.
There are a number of limitations to this study. First,
the number of patients with preoperative stroke is small.
Future studies would benefit from a larger sample in this
group, to determine whether the trends in cognitive func-
tioning between groups apparent in this study persist. A
second limitation of this study is failure to control for the
effects of anxiety and depression on cognitive functioning.
Patients were likely to have experienced changes in these
emotions preoperatively and postoperatively, which may
have affected cognitive performance. Finally, use of a ran-
domized control trial would have been preferable in deter-
mining the effects of surgery on cognitive performance.
However, this is almost impossible to achieve, given the
reason why CEA is performed. Some previous studies at-
tempted to address this problem by using other surgical
procedures as a control group. This, however, is also prob-
lematic, and does not represent a true control group,
Fig 3. Performance scores on TMT Part B, according to symp-
toms at presentation.
Fig 4. Performance scores on overall learning, according to symp-
toms at presentation.
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because it is not matched in terms of the characteristics of
carotid artery disease.
In conclusion, tests used in this study clearly show that
patients who have had a stroke differ in cognitive function-
ing compared with other patients undergoing CEA. These
differences are noted before and after surgery. By control-
ling for these differences, no changes in cognitive function-
ing were detected that could be attributed to undergoing
surgery.
We thank Dr P Glynn and Dr G Benveniste for allowing
their patients to be involved in this study.
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INVITED COMMENTARY
Andrew Lloyd, DPhil, BSc, and A. Ross Naylor, MD, FRCS
Changes in cognitive function following carotid endarterec-
tomy (CEA) is a difficult area in which to conduct rigorous
scientific research. To date, no single study has conclusively deter-
mined whether CEA causes cognitive decline. As discussed in the
preceding article, Pearson, Maddern, and Fitridge found that the
severity of presenting symptom (stroke, transient ischemic attack,
asymptomatic) was predictive of cognitive function scores at base-
line and again three months postoperatively. Age and education
level were also predictive of cognitive function. These effects were,
of course, to be expected but they are nonetheless important
Table II. Cognitive performance scores at each measurement time
Baseline
7 Days
postoperatively
3 Mo
postoperatively
Fluency 25.4  11.8 26.5  13.2 31.2  11.0
TMT Part A (s) 60.4  33.7 57.6  24.0 50.6  18.8
TMT Part B (s) 45.0  63.2 155.5  79.1 134.1  59.4
BVRT
Designs correct 4.9  1.9 4.1  2.1 5.2  1.9
Errors 8.5  3.8 9.9  4.9 7.6  3.9
RAVLT
Immediate memory 3.8  1.3 4.1  1.3 4.7  1.9
Overall learning 32.9  9.5 30.7  8.0 35.3  10.4
Retention 5.2  3.5 4.8  3.0 5.8  3.5
Values represent mean  SD.
TMT, Trail Making Test; BRVT, Benton Visual Retention Test; RAVLT, Rey Auditory Verbal Learning Test.
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